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General Process for Developing and Implementing a 
Regulated Biochemical Reaction Network Model 
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Construct a biochemical reaction network 
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Mathematically describe the reaction network 
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Determine the regulatory requirements for reactions in the 
network to take place 



140 

Mathematically describe the regulatory controls 



Formulate problem by specifying parameters and initial 
reaction constraints to the model 
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Determine if regulation limits any reactions 
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Refine reaction constraints 
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Simulate the behavior of the reaction network subject to all 
the constraints 
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Figure 2 

A) Example Biochemical Reaction Network 
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B) Example Regulatory Structure and Requirements 
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C) Simulated Reaction Network (without regulation) 
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D) Simulated Reaction Network (with regulation)* ' 
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X O O U S H- ! 4» X »U!3icf HJi 




X il O t$ t S "4- J.. « O S# c* *s» U B=L' 



Figure 4 
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Figure 5 

A Time-Dependent Implementation of a Regulated 
Biochemical Reaction Network Model 
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Determine the time steps to be used in the transient 
calculations for the simulation 
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Formulate problem by specifying the intial time conditions 
and parameters 
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Determine 3L»tus of regulatory variables for the time point 
under consideration 
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Formulate problem by specifying the conditions and 
parameters for the next time point 
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Refine the constraints on the biochemical reactions based 
on the status of their regulation 
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270 

Use the flux distribution to determine the new set of intial 
conditions for the next time point 
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Solve for a steady-state flux distribution in the reaction 
network subject to the constraints 
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< Is there another time point to j> 



move forward towards? 
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Figure 6 

Process for Developing Genome Scale Regulated 
Models of Metabolism 
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Obtain Ihe DNA sequence of (he organism strain 
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Determine the location of all the open reading flames in the 
genome 
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Annotate the open reading frames vuith functional 
assignments 
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Determine genes involved in cellular metabolism andfor 
metabolic regubtion 







Gather biochemical information on ail reactions perfooned 
by the genes-gene products of the metabolic genoype 



Group metabolic and regulatory genes into transcriptional 
units based on sequence analysis 
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Gather additional biochemical information on any reactions 
Known to occur biochemically but not present in metabolic 
genotype 




362 j 
Locate regulatory binding sites on transcriptional units by 1 
sequence or fonclional homology ] 
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Generate an organism specific reaction index and 
stoichiometric matrix 
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Gather biochemical information on ad regulation of 
transcriptional units 
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Specific defautl reaction constraint conditions based on 
thermodynamics and reaction kinetics where available 
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Define tie organism specific regulatory structure using 

Boolean logic representation ^ ^, .-- -^ * 1 
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j Determine organism specific biochemical and physiological 

j data on biomass composition, uptake rates and 

| maintenance requirements 



Formulate the general linear programming problem 
combined vwlh regulatory constraints representing the 
organism specific model 
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Figure 9 
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Figure 10 




